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1 Steroid nucleus is one of the largest rigid and chiral units ubiquitous in nature. Due to the rigidity and preorganized structure of steroid, cholesterol and bile acid derivatives have been studied and shown novel recognition ability for cations, anions, and organic molecules. 2 Chenodeoxycholic acid is ideal for tweezer type receptor 3 design because it contains two hydroxyl groups at 3α and 7α that can be functionalized with a variety of recognition elements thus creating a binding pocket for target guests. Herein we report the first synthesis and anion binding study of molecular tweezer urea receptor based on chenodexoycholic acid.
The synthesis of the receptor 5 is outlined in Scheme 1. The 3α,7α-dihydroxyl groups of chenodeoxycholic acid were transformed to 3α,7α-diamines by three sequential steps. Allylation of 24-tert-butyldimethylsilyloxy-5β-cholane-3α,7α-diol 1 prepared from methyl chenodeoxycholate 4 in two steps (LiAlH 4 reduction, followed by protection with TBSCl) with allyl bromide in the presence of sodium hydride in THF resulted in 3α,7α-diallyl compound 2 in 94% yield. Hydroboration of the latter with 9-BBN provided the diol 3 in 93% yield. The 3α,7α-diamino steroid 4 was accessible via the corresponding phthalimide and subsequent hydrazinolysis in 94% yield. Compound 4 was immediately coupled with phenyl isocyanate in dry THF at room temperature provided cheno-bis(phenylurea) 5 in 77% yield.
The anion binding properties of 5 were investigated by Table 1 were calculated by nonlinear curves fitting program EQ-NMR. 
Experimental Section
General experimental procedures for melting points, FT-IR spectra, mass spectrometry, high resolution MS, elemental analyses, and TLC analysis have been described previously. C NMR assignments were made by comparison with spectra of similar sterols. 8 Flash column chromatography was performed with silica gel Merck silica gel 60 (70-230 mesh). Reactions were carried out under argon atmosphere, and solution was dried over anhydrous sodium sulfate. Chenodeoxycholic acid and other reagents were purchased from either Aldrich or Fluka. Dichloromethane and chloroform were dried over CaH 2 and THF was dried over sodium and benzophenone and distilled prior to use. NMR titrations were run at 4.5 mM concentrations, with aliquots of a 0.25 M (nBu) 4 Synthesis of 24-tert-Butyldimethylsilyloxy-3α,7α-dihydroxy-5β-cholane (1). A solution of methyl chenodeoxycholate (2.00 g, 4.92 mmol) in dry THF (50 mL) was added LiAlH 4 (2 eq, 370 mg) at 0 o C, and stirred for 16 h. The mixture was treated with 10% HCl and ethyl acetate. After the precipitated was removed, the filtrate was dried and evaporated to dryness. To a solution of the resulting residue, imidazole (500 mg, 7.40 mmol) and catalytic amount of 4-dimethylaminopyridine (10 mg) in dry dichloromethane (100 mL) and DMF (10 mL) was added tert-butyldimethylsilyl chloride (890 mg, 5.90 mmol) in dry dichloromethane (5 mL) at room temperature. After the reaction was completed, treated with 10% HCl and extracted with dichloromethane, dried, and evaporated to dryness. The residue was purified on silica gel chromatography (elution with EtOAc : hexane 1 : 3) to give 1: yield 76%; TLC R f 0.33 (EtOAc- 
Synthesis of 3,7-diallyl (2):
To a solution of 1 (2.00 g, 4.06 mmol) in dry THF (100 mL) was added NaH (390 mg, 16.23 mmol), and heated at 60 o C for 30 min. Allyl bromide (1.34 mL, 16.23 mmol) was added to the resulting mixture and heated for 24 h, after that NaH (4 eq) and allyl bromide (4 eq) was added again and heated for another 24 h. Then the solvent was removed, and the residue was extracted with diethyl ether, washed with brine, dried and evaporated. The residue was purified on column chromatography (elution with 2% EtOAc-hexane) to give 2: yield 94%: oil; TLC Rf 0.70 (5% EtOAc-hexane); IR (neat) 2933, 1466, 1379, 1254, 1096, 837, 775 cm Synthesis of 3,7-diol (3): To a solution of 2 (1.00 g, 1.75 mmol) in dry THF (100 mL) was added 9-BBN in THF (0.5 M, 14 mL) and stirred at room temperature for 12 h. After the reaction was completed, 20% NaOH (5 mL) and 30% H 2 O 2 (5 mL) was added to the mixture and refluxed for 1 h. After the reaction was completed mixture was extracted with ethyl acetate, washed with brine, dried and concentrated to dryness. The residue was purified on column chromatography (elution with EtOAc : hexane 2 : 1) to give 3: 93% yield: oil; TLC R f 0.52 (EtOAc- 
